We propose mechanism describing an acoustic emission by growing microcracks in the material under external cycled load. We use the theoretical approach based on Huygens principle for elastic solid continuum with an account for dislocation creep in the zone of abrasive action. We show that the acoustic emission is anisotropic and its main direction depends not only on the effective length of microcrack but also on dynamics of dislocation structure and on diffusion processes in Kottrell zone which give rise to microcracks.
1.

Introduction
Material failure is often accompanied by a "crackling noise". Also, acoustic emission arises prior to fracture of solid materials. In a recent review, Alava, Nukala, and Zapperi [1] emphasized that there is a considerable body of work on the relation of acoustic emission to microscopic fracture mechanisms and damage accumulation. Krylov [2] pointed out that formation of microcracks in solid materials leads to acoustic emission. Such acoustic emission is used in applications, for example, in nondestructive and express monitoring of constructions; see, e.g., monograph by Krasilnikov and Krylov [3] . Also, defects in solids are the source of acoustic emission. This enables identification of defects.
Particularly, seismological methods, such as triangulation method [3] , can be used here.
Since the acoustic emission reflects perhaps in the best way microfracturing dynamics, it is important to study it both in theoretical and experimental ways.
Spectrum of acoustic emission can provide useful information on the dynamics of dislocations and microcracks. Also, kinetics of fracture [3] can be investigated by the use of acoustic emission data.
Krylov [2] has presented general method to analyze the acoustic emission by microcracks of arbitrary type in finite-size elastic solids. This method is based on Huygens principle. It allows one to determine both the equations of motion for microcrack edges for the material under external stress and the spectral density of acoustic emission.
However, the study of growth of microcracks made in Ref. [2] does not include the stage before microcracks appear. Mechanism which leads to the appearance of microcracks is of much importance in the case of vibration-loaded material. Such a load, as it was shown by Artemov, Krevchik, and Sumenkov [4] , can stimulate the process of fretting-tiredness with a subsequent fracture of the material.
In the present paper, we propose mechanism describing the acoustic emission raised by growing microcracks in vibration-loaded materials. We refer to it as the mechanism of hidden growth of microcracks.
Physics underlying this mechanism is a dislocation creep under the action of sign-alternating stresses; see, e.g., Straw's model in the monograph by Krishtal and Mirkin [5] . As the result, a number of parallel dislocations are accumulated (clustered) close to some obstacle in the form of impurity release. In this region, a wedge-shaped cavity can therefore appear, and we consider this cavity as the source of microcracks. The acoustic emission occurs at the moment when the cavity opens. As we will show below, its spectral density essentially depends on the parameters of dislocation creep and on the loaded vibrating material.
Calculation of the effective length of wedge-shaped cavity
Let us consider the growth of "hidden" microcracks for the material under vibrating load. Oscillations in the material cause stresses with alternating sign.
These stresses can both lead to motion of defects (for example, dislocations) and stimulate diffusion of impurities of doping and substitution types.
The process of vibration-stimulated diffusion for Kottrell zones in the field of dislocation deformation was considered by Artemov and Krevchik [6] . It was shown, particularly, that blurring of Kottrell zones can be accompanied by an increase of the effective length of the dislocation segment, with subsequent re-lease of dislocation out of the impurity region. Under this condition, the time interval 1 τ to the dislocation release can be determined as [6] 
where 0 τ is the load cycle period, , is the radius of Kottrell "cloud", is the effective length of dislocation segment in the absence of vibrating load, , is the length of dislocation loop, is the diffusion length of the fixing impurity.
As shown by Kudinov [7] , in the field of alternating (sign-reversing) mechanical stresses, dislocation segments with "steps" periodically pass through Kottrell zone and leave trace of vacancies after each step. Oversaturation of the vacancies in the material lead to the following increase of diffusion coefficient, , of the fixing impurity in Kottrell "cloud" [7] :
where D ϑ is the diffusion coefficient for vacancies, is the internal friction coefficient,
, E is Young modulus, β is the nonlinearity factor for dislocation segment ( ) 
where b is the value of Burger vector.
As it has been mentioned above, under sufficient stress value 0 σ , some part of dislocations join together and form cavity near the obstacle, and the cavity is of wedge shape [5] . In the region of such clustering of n dislocations, a stable cavity of the length τ is the time to beginning of the microcrack formation, we then obtain ( )
Here, one can use the approximate formula for 2 τ obtained in Ref. [4] for some specific case, 
Calculation of acoustic emission in the regime of instant opening of the wedge-shaped cavity
Our theoretical approach to the cavity acoustics is based on Huygens principle for elastic solids [2] with an account for the dislocation creep for the material under vibrating load. 
where
, and is the limit velocity for the lowest symmetric Lamb mode [1] .
As it has been mentioned in Ref. [2] , this approximation has a quite sim- 
Conclusions
In conclusion, we shortly formulate main results of this study. One of the possible mechanisms of the birth of microcracks is the vibration-stimulated dislocation creep, which is accompanied by the formation of the wedge-shaped cavity. Acoustic emission accompanies the moment of cavity opening. Moreover, in this case the radiation is found to be anisotropic, with the main direction being dependent on the cavity length . Diffusion character of the growth dynamics of wedge-shaped cavity reveals itself by the dependence of the cavity length on the diffusion mobility of Kottrell zones.
L L
The proposed mechanism of "hidden" growth of microcracks in vibrationloaded material is one of possible mechanisms (see, e.g., [6] ), and we do not expect strict quantitative correspondence to experimental data. However, qualitative features of the acoustic emission studied in the present paper can be confronted to experiments.
